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PERTINENT DATA 

1. Authority for Project. Authorized by the Flood Control Act approved 
28 June 1938 (Public Law 761, 75th Congress, First Session). 

2. Purpose of Project. The principal project purpose is to furnish 
flood protection in the East Fork and Little Miami River valleys and to 
reduce flood stages at all points downstream along the Ohio River. The 
reservoir project is a unit in the general comprehensive plan for flood 
control and allied purposes in the Ohio River basin. Secondary purposes 
of the project are to provide storage for water supply and water quality 
control for recreation and fish and wildlife activities. 

3. Location of J’roject. The dam is located on the East Fork of the 
Little Miami River about 21 miles above the junction with the main 
stream near Terrace Park, Ohio. It is located about 25 air miles east 
of 0incinnati, Ohio. 

A. Drajnage Arra. Dumsite - 342 square miles. 

3. Reservoir. 



E1evation 

Area 

Storage 


(feet MSI,) 

Ac res 

Acre-Feet 

Inches Runoff 

Si 1 tat ion Reserve 

Water Supply, Water 

o83 

770 

18,800 

1.03 

Quality Control 

729 

2,000 

82,200 

4.50 

Seasonal Pool 

733 

2,120 

O 

-P' 

o 

o 

3.08 

Flood Pool 

Allocated to Whater 
Supply and Water 

795 

,e30 

284,500 

15.60 

Qua 1ity Cont rol 
Allocated to Seasonal 

b83-729 


b3,400 

3.47 

Storage 

729-733 


8,200 

0 . 38 

Allocated to Flood 

733-795 


■P' 

o 

o 

10.52 


b . Dam. 


a. Embankment . 

Earthf i 1 1 
819 
200 
1,450 
3b 


Type 

Top e1evation 
Maximum height, feet 
Length, feet 
Top width, feet 






b. Saddle Dam. 


Type 

Top elevation 
Maximum height, feet 
Length, feet 
Top width, feet 


Earthfi11 
819 
100 
2,600 
30 


Uncontrolled open cut through left abutment ridge 


Crest elevation 
Bottom width, feet 
Protection foi Spillway cut 


Concrete Control Structure 


d. Outlet Works. 


Type 

Diameter, feet 
Control gates 
Size, feet 
Invert e!evat ion of 
outlet works at tower 


Oblong, Concrete 
9.00 x 14 

2 service, 2 emergency 
4.67 x 14 


La nd Acqui s i t_i on . 
Fee, acres 


10,000 


Re 1ocation. 


a. State Highways 


b. Countv Roads 


0!i io 222, 0.2 mile 

Clermont County 
7 locations, 6.4 miles 


c. Electric, telephone, and other related utilities as required 
the reservoir. 

Public Access. 

Number of sites 4 

Reservoir Clearing. 

Area, Acres t>90 


Hydroe!eelric Power. 


None 
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1. General. 

a. Authority . Authority for preparation of the Embankment 
Criteria and Performance Report for William H. Harsha is contained in 
ER 1110-2-1901 dated 31 December 1981. 

b. Project Purpose . The principal purpose of the project is to 
furnish flood protection in the East Fork and Little Miami River valleys 
and to reduce flood stages at all points downstream along the Ohio 
River. The reservoir project is a unit in the general comprehensive 
plan for flood control and allied purposes in the Ohio River basin. 
Secondary purposes of the project are to provide storage for water 
supply and water quality control for recreation and fish and wildlife 
activities. 

c. Pro ject Location. The dam is located on the East Fork of the 
Little Miami River about 21 miles above the junction with the main 
stream near Terrace Park, Ohio. It is located about 25 air miles east 
of Cincinnati, Ohio. A reservoir area map and general plan are pre¬ 
sented on Plates 1 and 2. 


d. History of Co n struction . The outlets works was constructed by 
Melbourne Brothers Construction Co., North Canton, Ohio, under Contract 
No. DACW 27-70-C-0092. The contract was awarded on 4 May 1970 with 
notice to proceed on 16 May 1970; the official physical completion date 
was 28 September 1973. The embankment contract was awarded to S. J. 
Groves and Sons Company of Minneapolis, Minnesota, on 29 December 1972, 
and notice to proceed was given on 15 January 1973. The Contract No. 
was DACW 27-73-C-0068. The initial contract time was 1,325 days to 
which 375 days were added by modifications bringing the completion date 
to 10 September 1977. 

The following is a compilation of significant starting and 
finishing dates for the main features of the contract. 


26 February 1973 
21 March 1973 
30 April 1973 
1 May 1973 

5 May 1973 
18 May 1973 


Survey Party Started Layout 

Started Clearing Operations (Spillway) 

Started Clearing Operations (Dam) 

Started First Stage Temporary 
Cofferdam (Dam) 

Started Clearing Operations (Saddle Dam) 
Started Foundation Stripping (Saddle Dam) 
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6 June 1973 

13 June 1973 

18 June 1973 
20 June 1973 

26 June 1973 

30 June 1973 

10 July 1973 
25 July 1973 

25 July 1973 

29 August 1973 

10 September 1973 

11 September 1973 

12 September 1973 

13 September 1973 

26 September 1973 

27 October 1973 

6 November 1973 
8 November 1973 

15 November 1973 
15 November 1973 


Started Piezometer Installation 
(Saddle Dam) 

Completed First Stage Temporary 
Cofferdam (Dam) 

Started Dam Foundation Stripping 

Started Drilling and Grouting 
(Lt. Abutment Dam) 

Started Stripping and Excavation 
Operation in Spillway 

Started Blanket Sand Drain Operations 
(Saddle Dam) 

Started Embankment Operations (Saddle Dam) 

Drilling and Grouting (Lt. Abutment Dam) 
Complete 

Project Stopped by Restraining Order From 
Federal Court Relative to Environmental 
Quest ions 

Resumed Work by Order of Federal Court 

Work Stopped by Order of 6th Circuit Court 
of Appeals 

Work Resumed by Orders of 6th Circuit 
Court of Appeals 

Started Installing Settlement Gages 
Saddle Jam 

Started 2 Shift Operation 

Started Vertical Sand Drain Saddle Dam 

Started First Stage Cofferdam Permanent 
Dam Embankment. (Inside temporary 
coffer--river not diverted) 

Started Blasting Operations in Spillway 

Started Random Earth Fill Dam (Inside 
first stage temporary coffer) 

Second Shift Shut Down for Season 

First Stage Temporary Coffer Dam Flooded 
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25 & 28 Nov 1973 
21 December 1973 
1 January 1974 

21 May 1974 
28 May 1974 

10 June 1974 
20 July 1974 
23 July 1974 

12 August 1974 

13 August 1974 
15 August 1974 
17 August 1974 


First Stage Temporary Cofferdam Flooded 

Project Shut Down for Holidays and Winter 

Project Shut Down by Wording of Court's 
Previous Order Concerning Environmental 
Litigation 

Stop Order by Federal Court Lifted 

Work Resumed (Saddle Dam Embankment and 
Dam Stripping) 

Started Second Shift 

First Stage Temporary Cofferdam Flooded 

Started Horizontal Blanket Drain Main Dam 

Diversion - River was diverted through 
outlet works 

Started First Stage Temporary Coffer 
Removal 

Started Grouting Operations Across Valley 
Floor 

Started Construction of First Stage 
Permanent Cofferdam 


30 August 1974 - River Overtopped First Stage Permanent 

Cofferdam (Elev. 658) and Temporary Dike 
on Top of Coffer (Elev. 658) 

6 September 1974 - Repaired and Resumed Work on First Stage 

Permanent Cofferdam 


11 September 1974 * Started Embankment Operations on Second 

Stage Permanent Cofferdam 

18 September 1974 - Started Embankment Random Earth of Third 

Stage Permanent Cofferdam 

20 September 1974 - Finished First Stage Permanent Cofferdam 

(Elevation 690) 

14 October 1974 - Started Impervious Core Section Main Dam 

17 October 1974 - Valley Grouting Complete 
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21 October 1974 

22 October 1974 

6 November 1974 - 

6 November 1974 - 

2b November 1974 - 

18 December 1974 - 
21 December 1974 - 
15 January 19 75 

25 February 1975 - 

7 April 1975 
14 April 1975 
1^ April 1975 
21 April 1975 
29 April 1975 

3 June 1975 

2 July 1975 

1 August 1975 

26 August 1975 

17 September 1975 - 

3 October 1975 

21 November 1975 - 


Started Inclined Drain Material Main Dam 

Second Stage Permanent Cofferdam Leveled 
Off at Elevation 715 

Third Stage Coffer Design Changed From 
Earth Fill to Rock Fill at ± Elev. 675 

Started Downstream Rock Embankment Main 
Dam 

Finished Third Stage Permanent Cofferdam 
(Elevation 737) 

End of Second Shift Operation for Season 
Winter Shutdown 

Resumed Operations (Dam Foundation Excava¬ 
tion and Rock Embankment Dam) 

Lake Elevation 696.5 (Crested) Due to 
Heavy Rainfall 

Resumed Embankment Operations Saddle Dam 

Started Riprap Saddle Dam 

Started Grouting, Right Abutment Dam 

Started Second Shift Operation 

Started Piezometer Installation Main Dam 

Started Spillway Control Sill Excavation 

Topped Out Saddle Dam 

Finished Grouting Right Abutment Dam 

Finished Spillway Control Sill Work 

Closed Tower Control Gates to Start 
Retreat Channel Work in Dry i. 5 CFS 
pumped bank to river downstream) 

Started Riprap Main Dam 

Cancelled Second Shift Operation 
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22 November 1975 - 

26 November 1975 - 
19 December 1975 - 

15 March 1976 
5 April 1976 
19 November 1976 - 
10 September 1977 - 


Retreat Channel Work Complete (Started 
Releasing Lake, 698.4 Crest) 

Topped Out Spillway Dike 

Winter Shut-Down (Main Dam ± 10 Feet 
From Completion) 

Work Resumed (Mostly Riprap & Road Work) 
Topped Out Main Dam 
Substantial Completion 
Physical Completion 


Geol ogy . 


a. Pre-glacial Drainage. Prior to the Illinoian Glacial Stage, 
the drainage pattern was somewhat different than that of today. The 
present East Fork valley roughly parallels the pre-glacial East Fork 
valley except at the damsite. The pre-glacial East Fork flowed north¬ 
west to the Hami1ton-Clermont County line where it met the Little Miami 
River, then west to the confluence with the ancestral Ohio River and 
northwest through the normal trough to what is now Mill Creek Valley. 

The stream united near Elmwood Place with the Licking River from the 
south, and the combined stream flowed north through what is now Mill 
Creek Valley and, turning west in the same valley, joined the Miami 
about 3 miles south of Hamilton. At the project area, the pre-glacial 
bedrock channel flows west across the saddle dam area then making the 
bend that the present stream makes. Approximate low point in the 
pre-glacial channel is believed to be elevation 600± in the saddle dam 
area. There are no other known pre-glacial bedrock streams in the 
reservoir area. There is a south flowing pre-glacial channel in which 
White Oak Creek follows but this channel does not run through the 
reservoir. A pre-glacial drainage map is pre.sented on plate 8. 

b. Glacial History. Glacial deposits found in the general area 
were laid down during the Illinoian Glacial Stage. The glacial deposits 
found in the damsite area are primarily clay tills. As the ice sheet 
advanced southward, the pre-glacial bedrock channel that cuts through 
the saddle dam was filled with clay till. Clay tills in the uplands 
were deposited at this time also. The weathered bedrock surface was 
stripped by the ice and till was deposited on unweathered bedrock. This 
is the case in the spillway area where clay till lies directly on 
unweathered interbedded shale and limestone. The clay till has been 
compacted by the overlying ice and is stiff to very hard. The ice 
thickness was not as thick as ice farther north, thus the till is not as 
compact as Wisconsin tills in northern Indiana which were very stiff to 
hard. 
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c. Description o i Bedrock . Bedrock in the general area is com¬ 
posed of Eden and Maysville Groups. The Eden is found in the stream 
below the overlying Maysville. Type of rock in both formations is 
interbedded soft to moderate hard calcareous shale and hard, crystal¬ 
line, fossiliferous limestone. Limestone beds vary from 0.1 to 1.0 foot 
thick and are fractured with numerous open vertical joints. The shale 
is commonly soft 0.1 foot or so below an open limestone joint where 
water movement has occurred. The Maysville has a higher percent of 
limestone to shale than the Eden. Structurally, the area is located 
on the crest of the Cincinnati arch and for all practical purposes, the 
beds are flat lying. The dominant joint pattern appears to be N-S and 
E -W. 


d. Subsurface. Investigations. Overburden was classified from 
3-inch drive samples, 6-inch undisturbed Denison samples, and test pits 
made by a backhoe. The 3-inch drive samples were obtained by using a 
5-foot solid barrel drive tube, driven by 325 and 600 pound hammers, 
with 18- and 12-inch falls, respectively. Hammer size and height of 
fall are shown on the individual boring logs. The. 6-inch flight auger 
was used initially for borrow area investigations. However, later 
borrow investigations utilized test pits, dug ly a backhoe. and a bucket 
auger. Several 6-inch flight auger borings were drilled in the saddle 
dam to supplement drive and core borings. A hollow stem auger was also 
used in the saddle dam and spillway investigations. Six-inch Denison 
samples were obtained from beneath the dam and saddle dam areas. 
Bentonite drilling mud was used in drilled Denison holes. Bedrock was 
obtained primarily by using an NXM double tube core barrel which yields 
2 1/8-inch size core. Nine 6-inch rock core holes were drilled in the 
dam foundation area. Additional investigations utilizing drive and 
drive core borings were made along the left abutment access road, 
control tower access bridge, and the left abutment, downstream diversion 
dam. 


e Damsite Topography. From its source in Clinton County, about 
10 miles southeast of Wilmington to Williamsburg, some 30 aerial miles, 
the East Fork Little Miami River meanders through a glacial drift 
covered country of low relief with a general course to the southwest. 

A few miles below Williamsburg it changes its general course from 
southwesterly to northwesterly. Its valley deepens rapidly and for a 
distance of about 2 miles, it flows essentially on bedrock in a narrow 
cut gorge. Below the constricted area, the river enters and continues 
in a broad, deeply filled valley to its junction with the Little Miami 
River near Milford. The damsite is located in the rock cut gorge 
section some 6 1/2 miles above Batavia. Topography in the general area 
is characterized by broad relatively flat drainage divides with numerous 
small streams and little relief. At the damsite, the left abutment is 
the downstream portion of a broad flat divide, whereas the right abut¬ 
ment is a long narrow ridge forming the inside of a hairpin bend in the 
river. There is some 250 feet of relief at the damsite. Bedrock 
topography of steep smooth slopes is obvious along the side slopes on 
the right and loft, abutment. The bedrock on the abutment at the dam is 


8 



overlaid by 10 to 50 feet oi glacial till. North of the saddle dam, 
typical clay till topography of gentle stream gradients with U-shaped 
valleys is in evidence. A dendritic drainage pattern has developed in 
the entire area. 

f. Overburden . Types of overburden encountered in the project 
area are alluvial, colluvial, glacial, and residual. 

(1) Alluvial deposits are found under the dam, saddle dam, 
and the valley bottom borrow areas. A general geologic profile of the 
dam spillway and saddle dam is included on Plates 9 and 10. Alluvial 
depofits beneath the dam are 6 to 3 feet of gravel composed primarily 
of limestone slabs. In the lower portion of the saddle dam, there are 
10 to 25 feet of alluvium composed of sandy clay, silty gravelly sand, 
and silty clay with organic material. This material overlies glacial 
till and residual clay. In the upstream valley bottom borrow area, 
there is 5 to 40 feet of alluvium composed primarily of clays and silts. 

(?) Along the toe of the left abutment of the dam, there are 
20 feet* of colluvial material consisting of lean clay with slabby 
limestone. 

(3) Glacial till, silty sandy clay with some gravel, is found 
on the flat drainage divides, ridges and in the saddle dam area. Tt 
has its greatest thickness north of the saddle dam where it is believed 
to be 200- feet thick. Along the right abutment ridge, the till is 20 
to 65 feet thick. The upper 10 to 15 ieet is brown and leached whereas 
the lower portion is gray and unweathered. On the left abutment, the 
clay till is 10 to 40 feet thick. The clay till lies directly on 
bedrock in the upland areas. 

(41 Residual lean clay overlying bedrock is found on both 
steep abutments of the dam and on the left abutment of the saddle dam. 
The clay is 6 feet thick on the left abutment of the dam, 6 to 15 ieet 
thick on the right dam abutment, and 5 to 10 feet thick on the steep 
slope of the saddle dam. 

8* Bedrock . The Maysville Group and underlying Eden Group of the 
Cincinnatian Series, Ordovician System, occur at the damsite. Outcrops 
are scarce, being found only in ravines. Lithology of the two groups 
is quite similar as was described in the section "Description of Bed¬ 
rock." The contact between the two groups varies between elevation 
697 on the left abutment to a maximum of 706 on the right abutment. 

This elevation is based on a decreasing percentage of limestone inter¬ 
beds below elevation 706-697. The Maysville has 20-35 percent limestone 
interbeds and the Eden has 1 to 20 percent. The dam abutments are 
bounded on the lower Maysville and upper Eden formations. Physical 
properties are similar for both groups. The reck is fairly erosive but 
can be cut on steep slopes (where unweathered) for a short period of 
time before the shale begins to weather, ard undercuts the thin lime¬ 
stone interbeds. Along the crest of the narrow right abutment where 


9 



the shale is overlain by clay till, the rock is unweathered. On the 
steep side slopes where the till has been removed, the rock has been 
partially weathered to a depth of 10 to 20 feet. The shales weather to 
clay or very sott shale, unusually badly stained and leached, and the 
thin limestone interbeds are stained along open fractures but remain 
hard. 


h. Foundation Conditions. 

(1) Darn. The dam was founded on partially weathered shale 
with 0.1 to 1.0 foct thick limestone interbeds which underlie the zone 
of primary weathering. The thin limestone beds are fractured and 
weathered along the open, high angle joint planes. Th»- primary weath¬ 
ered zone varies from 0 in the valley bottom to a maximum of 20 feet on 
the upper left abutment, and is underlain by soft to moderate hard shale 
(can scratch with the fingernail with difficulty) with thin fractured 
limestone interbeds. Average thickness is about 7 feet. Percent core 
recovery was low in the majority of the NXM holes. It is believed that 
the c-re has been ground up in drilling since the 6-’ r 'ch .c-c holes 
drilled in the same area had high percentages of recovery. The bulk of 
the core losses in NXM holes occurred in the weathered and partially 
weathered zones where the snale was much softer. Drill water return was 
partially or completely lost while drilling in bedrock in 17 holes 
beneath the dam. (This includes water losses in the outlet works area.) 
Thirteen of the borings had water losses occurring within the top 23 
feet of bedrock. This would be in the weathered or partially weathered 
zone. In hole FC-93A, located near the entrance channel for the outlet 
works, water return was lost 40 feet below top of rock at elevation 
O07.3. Two other borings, CD-93 and C-93B, lost water in the over¬ 
burden. Elevations ot water losses in other boles under the dam ranged 
from 602.8 to 667.4, the only consistency being the water was lost in 
the top 20 feet. In addition, five borings drilled on the abutments but 
not beneath the dam showed water loss in the upper 20± feet of bedrock. 

A discussion of and details for the grout curtain are found in Section 
3.A.4. Diiect shear tests were made on 6-inch bedrock samples taken 
from six borings located beneath the dam. Cohesion and 0 angle were 
determined from these tests, and are considered representative of the 
bedrock foundation of the dam. Re-evaluation of previously sub .tted 
test data (D M. '-‘3: resulted in lower 0 angles, but in corresponding 
higher cohesion values. These values indicated that the foundation 
bedrock was relatively stronger than the soils used in the embankment. 
Bedrock contours are shown on Plate 7, "Rock Contour Map." Average 
bedrock elevation in the. valley bottom is approximately 612, and this 
elevation was used in the stability analyses. 

(2) Right Abutment Ridge. The right abutment ridge was 
investigated (or potential leakage zones. Springs were found at the 
clay till-bedrock contact. In the majority of holes driiieu along tne 
ridge, static water stood in the till or at the till-bedrock contact. 

An exception is DC-84 where drill water was lost at elevation 799.0 and 
static water stood at elevation 772.4. From a point about 100 feet 
downstream of boring DC-83 to within 400 feet of the saddle dam, the 
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highest static water levels along the ridge stood at about elevation 
800 or higher. Overburden along the reservoir side of the right abut¬ 
ment ridge from the crest of the ridge to the toe consists of residual 
clays, impervious colluvium, and glacial till with a combined minimum 
thickness of 5 to 10 feet. Entrance conditions for resfervoit seepage is 
very poor in these soil types. In addition, bedrock in the abutments is 
essentially shale with some thin, interbedded limestone. In view of the 
above, a grout curtain was not considered necessary on the right abut¬ 
ment ridge beyond a point approximately 1,000 feet downstream of the 
right abutment. 

(3) Sadd le Dam. The saddle dam primarily was founded on 
leached to unleacnod clay till (brown to gray sandy silty clay with a 
trace of gravel). Along the low point in the saddle, the saddle dam 
was founded on unleached gray till. Al sometime subsequent to the 
clay till deposition, the till in the low part of the saddle dam was 
removed by erosion and alluvial material deposited. A third type of 
soil foundation under the saddle dam is residual lean clay located on 
the upstream side slope of the left abutment. Bedrock beneath the 
saddle dam is the Maysville and underlying Eden formations, with the 
contact at about elevation 700. Between Station 16+00 and the right 
abutment end of the saddle dam, bedrock falls off to an unknown ele¬ 
vation. Deepest penetration by any boring is DA-115 with a bottom 
elevation of 615.5. The material in the boring from 689.5 to 615.5 is 
glacial till. Based on bedrock contours developed by the Ohio Geo¬ 
logical Survey in Report No. 10 dated 1959 and titled "Buried River 
Valleys in Ohio," top of bedrock should be about elevation 600+. Boring 
DA-115 supports evidence that this pre-glacial valley is till filled and 
would not be susceptible to any significant seepage which would affect 
pool levels, or the integrity of the saddle dam. In addition, the 
seepage path would be approximately A,000 feet long. Static ground 
water levels through the dike area generally reflect the topographic 
slope' at a shallow depth. An exception is boring DA-115, which shows 
two water levels at considerable depth, t>90.5 and 631.0. The water 
levels in this boring were taken while drilling the boring with hollow 
stem auger flights, and this type of water level measurement did not 
truly reflect the static water in relatively impervious overburden. An 
adjacent water level in boring A-120 is considerably higher, elevation 
726.5. 

3. Foundation and Abutment Treatment, 
a. Main Dam. 

(1) Foundation Exploration. 

(a) Prior to Construction. A total of 95 exploratory 
holes or test pits were out down prior to the start of construction 
between the years 1940 and 1972. The locations of the exploratory 
holes are shown on Plate 41. Table 1 is a breakdown by type and year. 

Two test pits excavated during the construction of the tower and conduit 
are. not listed on the contract drawings. They were put down to 
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explore a reverse fault which was discovered in the excavation for the 
outlet works in the area of the tower. 

(b) During Construction . Eleven core holes were put 
down on the centerline of the grout line to check areas of significant 
grout take. All the holes were pressure tested and grouted or back¬ 
filled as determined from the pressure test results. 

(c) Enginee ring Prop erties. The main dam foundation was 
stripped to unweathered bedrock within the entire limits of the em¬ 
bankment. The overburden testing revealed several weak zones neces¬ 
sitating the total stripping. Foundation soil sections are shown on 
Plates 15 and 16. The foundation rock will be described in a following 
section, but is briefly outlined as an interbedded structure of shale 
and 1imco-oi.c layers. Direct shear tests were made on 6-inch samples 
taken from six borings located beneath the dam. Cohesion and 0 angle 
values were determined to be greater than the embankment strengths. The 
test results of both the overburden and rock are shown in Table 2. 
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TABLE 1 


SUMMARY OF EXPLORATORY WORK - MAIN DAM 


Type _ Number 8 Year 



1940 

1949 

1950 1964 

1965 


1966 1967 1968 1972 

c 




1 


1 2 2 

D 



1 



1 

DC 

3 


21 

27 


2 2 

DF 




1 



DFC 



8 

1 



FC 


5 

4 3 

1 


3 

TP 






2 

UC 



4 






C: 

Core 


DFC 

: Drive, Fishtail 8 Core 



D: 

Dr i ve 


FC 

: Fishtail 8 Core 



DC: 

Drive & Core 


TP 

: Test Pit 



DF: 

Drive 8 Fishtai1 


UC 

: Undisturbed 8 Core 
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Table 2 



SELECTED DESIGN 

STRENGTH VALUES - MAIN 

DAM FOUNDATION 

MATERIAL 

TEST 

COHESION (TSF) 

FRICTION (DEGREES) 

Overburden 

0 

0.50 

0 


K 

0.40 

14.0 


S 

0.0 

21.6 

Rock 

Direct Sheer 

1.85 Min. 

2.0 Kin. 



5.32 Avg. 

19.0 Avg. 



15.00 Max. 

45.0 Max. 
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(2) Stripping . The entire foundation was stripped to un¬ 
weathered rock. The Contractor was given the rule-of-thumb that when 
he reached the blue shale he was finished. Stripping was generally 
accomplished with dozers and pans. Depth to unweathered rock ranged 
from 10 to 20 feet. Approximately 969,701 yards of material were 
stripped, most of it being wasted. The material from the abutments 
contained limestone slabs which precluded compaction in the embankments 
with a tamping roller and the material from the valley was wet. Some 
stripping material was used in roadway construction. The foundation 
beneath the permanent cofferdam from the right side of the conduit to 
Station 106+50 (approximate toe of right abutment) was stripped to 
elevation 614 to assure removal of the slip plane discovered during 
construction of the outlet works. This founding elevation necessitated 
ripping up to 4 feet of unweathered rock from the foundation. The 
ripped material was utilized in the embankment. No slip plane was 
observed, but the excavation procedure of ripping eliminated any pos¬ 
sible observation. 

1 3) Foun d ation Preparation . 

(a) R andom Ro c k Zon es. Foundation preparation in the 
rock zones of the embankment was simply dressing the surface with a 
dozer and rolling with a 50-ton roller. On the abutments, the foun¬ 
dation rock was benched with a dozer blade to insure that any material 
which had weathered between the time of stripping and the placing of 
embankment was incorporated in with the fill material. 

(b) Random F.arth Zone. (’reparation in the random earth 
section of the embankment was similar to that for the rock zone except 
that weathered material from the abutments was removed and the random 
earth was placed against a fresh unweathered face. 

(c.) Imp ervious Core Zone. Preparation iri the impervious 
zone and the inclined drain area was done with a large Gradall and hand 
labor. The area was cleaned down to fresh sound rock with the gradall 
using a smooth lipped 6-foot bucket with laborers working around any 
limestone ledges. F.arth backfill at the faces of any ledges was hand- 
tamped prior to spreading of an 8 to 12-inch layer of impervious 
material over the area. The first layer was rolled with a 50-ton 
rubber-tired roller and then successive layers were plared using a 
tamping roller. The hauling units were not permitted on the area until 
approximately 3 feeL of material had been placed to protect the bond 
between the foundation and the fill e- ; a 1. 

Approximately 90 percent of the core foundation was shale. The lime¬ 
stone layers in the valley portion were generally removed so as to 
bond the impervious embankment material to the shale. Most of the 
limestone was found on the abutments in short stretches where the layers 
protruded from the shale beds. 

No cement mortar was used in foundation preparation as it was easy to 
remove the limestone pieces back to the shale cover so that no joints 
nor cracks were exposed. Seepage from the foundation was minor except 
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V 


at the right side of the conduit and a Station 106- on the upstream 
side of the impervious zone. The seepage at the conduit was controlled 
by a trench across the section and into the downstream sand blanket at 
the conduit. When the- fill on both sides of the trench was high enough 
to overcome the head on the seep, the trench was cleaned out with the 
gradall and impervious material expeditiously compacted on the dry 
foundation. The seep at Station 106^ was ringed off with embankment 
material until it reached a static head of approximately 6 feet. The 
sump was pumped dry, the saturated material removed with the gradall 
and the sides of the sump broken down and compacted. The sump was at 
the junction of the impervious and the random earth zones. 

(d) Downstream Filter Blanket . The downstream half of 
the foundation was covered with a 3-foot horizontal filter blanket. 

The foundation rock, was dressed with a motor grader and the sand placed 
directly on the foundation. The material was placed in 1-foot lifts 
and compacted according to specifications. 

Some difficulty was encountered placing the blanket near the downstream 
toe due tn seepage from the Stilling Basin and the Retreat Channel. 

(4) Grout Curtain . 

(a) General Plan . A single line, two zone, 60 feet 
deep, stage grouted curtain was constructed at the centerline of the 
embankment from Station 94+00 to 124+32. The first 370 feet on the 
Left abutment and the last 1,000 feet on the right abutment were offset 
from the centerline of the roadways to facilitate construction. The 
holes within the limits of the embankment were put down thru the over¬ 
burden utilizing casing set into the top of rock. Primary holes were 
spaced 20 feet center-to-center with successive holes split-spaced 
down to as close as an 1 l/4-foot spacing. The curtain was zoned into 
an upper ?0-foot depth and a lower 40-foot depth. Where working con¬ 
ditions permitted, the curtain was broken up into 100-foot sections 
ir which grouting operations were not permitted at the same time as 
drilling. in the shorter working areas, the 100-foot criteria of not 
drilling and grouting was maintained between individual holes. In 
general, all grouting in the upper zone in any given section was 
finished re fore work was started in the underlying zone. The majority 
of the grout placed was at a 3 water to 1 cement ratio. Mixes as stiff 
•is a 0.6 water t:o 1 cement ratio were used in several holes. No sand 
on mineral filler was used in any of the grout mixes. In general, grout 
takes were minimal. 

Hic.holsi.ii Ground Anchor Company of Pittsburgh, Pennsylvania, performed 
the work on top of the left abutment from Station 94+00 to 98+60 and at 
the toe of the left abutment from Station 102-180 to 105+50 during the 
first season. All grout holes were sealed at top of rock with a packer. 
A court imposed shutdown at the start of the second construction season 
prohibited Nicholson from starting up and they left the project. The 
prime contractor then engaged Continental Drilling of Murraysville, 
Pennsylvania, to complete the grout curtain. They completed the valley 
section and the right abutment from Station 105+25 to 112+65 during the 
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second season. The remaining portion of the top of the right abutment 
and the entire left abutment were completed during the third con¬ 
struction season. Initial stripping for grouting was to top of rock. 
Final stripping for embankment construction was to sound unweathered 
rock. The grout curtain profile is shown on Plate 22. 

(b) Drillin g. The grout holes were drilled with standard 
rotary drilling equipment without using rod dope. Nicholson used a 
3 1/2-inch Tricone bit and a Gardner-Denver ATD 3600 rig to put down 
their holes. Some difficulty w is encountered with the shale clogging 
the bit until a pump of sufficient pressure and volume to wash the fine 
shale cuttings away was mobilized. Drill water was obtained fro.i ponds 
or runoff. 


Continental used an EX Fishtail bit with post-mounted air-powered CP-55 
drills. Short 2-inch 1-D nippies were set 18-24 inches into rock to 
mount the drill. An airtrack drill and an NX rock bit were used to 
drill the overburden on the top of the right abutment where casing was 
set. Drill water was pumped from a storage tank which was filled by 
the prime contractor's water wagon with river water. 


(c) Pressure* Testing. Immediately before the pressure 
grouting of each stage of any hole was begun, the hole was thoroughly 
washed under pressure and pressure tested. The testing pressure was 
the same as that for grouting in the two stages. Holes which would not 
build up any pressure were washed until no signs of cleaning were 
evident or for a period of 5 minutes at full pump capacity. Holes 
which tested relatively tight were, at the direction of the Contracting 
Officer, not g outed in Stage 1 and the hole was taken to grade and 
then grouted. 


(d) Gr outing . 

(i1 Equipment. Both contractors used a Mayno pump 
to place the grout. The pumps were reliable and did not present any 
problems. Two circular tubs with rotating stirring paddles were used 
ro mix and/or hold the grout, one always feeding the Mayno pump. A 
homemade "dip-stick" was used to measure the amount of grout used from 
the mixing tub in any time period. The grout lines to and from the 
hole were connected to a "grout tree" by which the pressure into the 
hole was regulated. No difficulty was encounecrei in maintaining a 
constant pressure at the hole. Nicholson used expanding pneumatic 
packers on all the holes that they grouted; a pressure of 40 PSI was 
generally sufficient to seal the packer in the hole. Continental tried 
using mechanical packers, but they would not seal off in the hole; they 
ended up using a pneumatic packer also with a pressure of 50-100 PSI. 


(ii) Pressures. From the start of grouting until 
October 1974, the upper zone had been pressure tested and grouted at 
PSI and the lower zone at 10 PSi. The. head of the Geology Section oi 
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Foundations and Materials Branch, Engineering Division, reduced the 
pressures to 3 and 7 PSI, respectively, when it was suspected that the 
former pressures were lifting the foundation layers. The pressures 
were monitored at the top of the hole with no corrections for the head 
due to the grout in the hole. 

(iii) Grout Mixes . The majority of the grout placed 
was at a 3 water to 1 cement ratio. Mixes as stiff as 0.6 water to 1 
cement were used to choke off several holes, but this mix was the 
exception. No sand nor mineral filler was used in any of the grout 
mixes. 


(iv) G rout Inj ection. After washing and pressure 
testing of a hole, the packer was set and grout pumped into the hole. 

All holes were started with a 3 water to 1 cement mix. If the rate of 
take did not decrease, the mix was stiffened up until such time as a 
steady or decreasing rate of take was established. A hole was con¬ 
sidered finished when it would not take any grout at three-fourths 
of the maximum pressure for that stage. Occasional leaks which occurred 
were caulked and/or ringed so as to exfect a pressure head. Grout which 
could not be placed within 2 hours of mixing was wasted. 

(e) Explo ratory Holes . Eleven core holes were put down 
along the centerline to check areas of significant grout take. Grout 
seems were found in each core. 

b. Saddl e Dam . 

(1) F oundation Exploration . 

(a) Prio r to Construction . A total of 110 exploratory 
holes or test pits were put down prior to the start of construction 
between the years 1940 and 1968. The locations of the exploratory 
holes are shown on Plate 43. Table 3 is a breakdown by type and year. 

(b) During Constructio n. The only holes put down during 
construction were the pilot holes for the pneumatic piezometers. 

(c) Engineering Proper ties. The foundation materials 
were sampled and tested during the design stage. The test results are 
shown in Table 4. The foundation strata can generally be described as: 

(i) A leached to unleached brown to gray clay till 
on the left abutment ridge and the right abutment. 

(ii) An alluvial material in the lower part of the 
valley which was deposited subsequent to the erosion of part of the 
brown to gray clay till. This strata contains layers and pockets of 
organic material and extends to depths of 25 feet. 

(iii) An unleached gray till which underlays the 
alluvial material in the lower part of the valley. 


(iv) A residual lean clay strata located on the 
upstream side slope of the left abutment. 


% 
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TABLE 3 


SUMMARY OF EXPLORATORY WORK - SADDLE DAM 


Type 


A 

DA 

DC 

D 

DU 

C 

FC 

FDC 

FD 

RD 

TP 

U 

UC 


A: 

Auger 


FDC: 

Fishtail, Drive & Core 

DA: 

Drive & 

Auger 

FD: 

Fishtail & Drive 

DC: 

Drive & 

Core 

RD: 

Rockbit & Drive 

D: 

Drive 


TP: 

Test Pit 

DU: 

Drive & 

Undisturbed 

U: 

Undisturbed 

C: 

Core 


UC: 

Undisturbed & Core 

FC: 

Fishtai1 

& Core 
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Table 4 


SELECTED DESIGN STRENGTH 

VALUES - 

SADDLE DAM 

FOUNDATION 


MATERIAL 

TEST 

C 

COHESION (TSF) 

9 

FRICTION 

(DEGREES) 


21 + 70 

23+60 

21+70 

23+60 


Q 

0.9 

0.9 

0.0 

0.0 

Alluvium 

R 

0.2 

0.2 

16.8 

16.8 


S 

0.0 

... 

24.0 

” — “ “ 


Q 

0.3 

0.3 

0.0 

0.0 

Alluvium Organic 

R 

0.2 

0.4 

17.5 

15.8 


S 

0.0 

• — — 

28.5 


Composite of 
Alluvium & 
Alluvium Organic 

R&S 

Avg. 

0 

. 11 

21. 

8 
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(2) Foundation Stripping . It was originally planned 
to excavate and waste the alluvial material in the lower valley portion 
of the saddle dam. This would have involved approximately 165,000 cubic 
yards of material and depths of up to 25 feet. Additional exploration, 
testing, and design subsequent to 1968 eliminated the extensive alluvial 
Stripping and substituted a construction sequence which would allow the 
weak foundation material to remain in place and to consolidate and gain 
strength during the construction period. 

Stripping of all organic material within the area of the saddle dam 
foundation was specified in the contract documents. The elevations of 
the stripped valley foundation are shown on Plate 27. The ridges and 
part of the upper side slopes were successfully cleared and stripped 
with dozers and pans. The lower slopes, all the valley proper and the 
drainage draws were too soft to support a D8 dozer and stripping was 
performed with a large Gradall and a Dragline. Material was excavated 
and cast up on a ridge where it was loaded in pans. Approximately 40 
percent of the material stripped was handled by the Gradall and 
Dragline. A total of 128,000 cubic yards of material was stripped from 
the foundation area. Several springs were encountered while stripping. 
Those on the downstream side were tied into the filter drains; those on 
the upstream were tied into the 5- x 3-foot sand drain. No pervious 
material was placed on the upstream side closer than 125 feet to the 
centerline. A farm pond at approximately Station 13+00 on the down¬ 
stream side presented some problems during stripping due to the depth of 
sed iment. 

Stripped material was placed in the upstream waste berm; some topsoil 
was stockpiled for later use. 

Due to the soft material exposed in the valley proper and in the drain¬ 
age draws, start of the embankment work was difficult. On the down¬ 
stream side, the 50-foot wide, 3-foot thick filter drains were placed in 
a single lift. Compaction was obtained by additional rolling and 
verified by field density tests. On the upstream side, a 3-foot lift of 
heavy gray till from the spillway excavation was used to bridge the soft 
areas. 


(3) Insp ection Tre nch . An inspection trench 10 
feet deep with a 10-foot bottom width and 1.5:1 side slopes was exca¬ 
vated the entire length of the saddle dam in the valley proper. Exca¬ 
vation was done with a large Gradall; dozers and pans accomplished 
the rest of the excavation. In the valley proper, the trench exposed, 
but did not completely sever, a layer of organic alluvial material near 
Station 22+00. 

A layer of water-bearing sand and gravel was exposed near Station 25+00 
at approximate elevation 726. It could not be entirely removed and a 
complete cutoff was not possible. The layer ran back under the right 
abutment. The trench was pumped and rapidly backfilled with clay, 
forcing the water to revert to its former course. 
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4. Slope Stability . 


a. Laboratory Tests . 

(1) General . Laboratory tests on embankment and foundation 
materials were performed at the Ohio River Division Laboratories, 
Cincinnati, Ohio. The testing program included Q (unconsolidated- 
undrained), R (consolidated-undrained), and S (consolidated-drained) 
shear, consolidation, permeability and standard properties tests. 

(2) Dam Foundation Soils . Three Q, four R, and two S shear 
tests were performed on soil samples from three undisturbed holes (UC 
70, 71 and 72) drilled in the dam foundation. These shear tests were 
indicative of the low shear strength of the dam foundation soils which 
consist of silty sand, lean clay, fat clay, and large pockets of organic 
material. A tabulation of test results are shown in Table 5. 

(3) Dam Foundation Rock . Nine direct shear tests were run on 
6-inch rock core samples from core holes DC-69, C-93B, C-200, C-207A, 
C-208, and C-209 in the dam foundation area. Virtually all of the 
shear test results indicate the rock shear strength is significantly 
greater than the embankment design shear strength. 

(4) Saddle Dam Foundation Soils . Eleven Q, twelve R, eight S, 
and four unconfined compression tests were performed on soil samples 
from seven undisturbed holes (U-130, 131, 143, 144, 184, 185, and 190) 
located throughout the saddle dam foundation area. The shear test data 
confirmed the weakness of the organic clay zones interbedded within the 
alluvial infill portion of the saddle dam foundation. The remaining 
shear tests were run on the inorganic alluvial infill and glacial till 
materials with the exception of one S test, which was run on a residual 
clay-shale sample from hole U-130. The S test on the residual clay- 
shale which was quite low, was discarded because of excessive sample 
disturbance. A tabulation of test results are shown in Table 6. 

(5) Saddle Dam Foundation Rock . No direct shear tests were 
run on the bedrock in the saddle dam foundation area since the bedrock 
is at a depth sufficient to preclude any stability problem. 

b. Selecti on o f Shear Test Values . 

(1) Dam Foundation . The presence of several zones of soft 
and weak materials throughout the alluvial portion of the dam foundation 
necessitated stripping of rock thus precluding selection of any adopted 
design shear strengths. The colluvial foundation adopted shear strengths 
were based on an average of laboratory test results. These relatively 
low shear strengths indicate the necessity for stripping the abutments 
also. Usable materials from the foundation stripping was incorporated 
in the dam embankment. 
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(2) Saddle Dam Foundation . The foundation for the saddle dam 
was divided into three strata, namely: glacial till, alluvial infill, 
and residual soils. 

The adopted Q shear strength of the till (C = 1.00 tsf, tan 0 = 0.040) 
was based on an average cohesion intercept of the three triaxial test 
failure envelopes along with four unconfined compression tests. The 
low adopted tan 0 has been taken as an adequately conservative value. 
The adopted R shear strength of the till (C = 0.80 tsf, tan 0 = 0.200) 
was based on an average cohesion and fairly conservative tan 0. 

Adopted S shear strength values (C = 0.00 tsf, tan 0 = 0.505) were 
based on an average value of three direct shear tests. The adopted Q 
(C = 0.85 tsf, tan 0 = 0.000), R (C = 0.32 tsf, tan 0 = 0.324), and S 
(C = 0.00 tsf, tan 0 = 0.544) shear strength values of the alluvial 
infill were based on near average values in each particular case. The 
adopted shear strength parameters of the organic materials encountered 
in the alluvial infill were taken as the actual shear test results. 
These Q and R shear strengths of (C = 0.30 tsf, tan 0 = 0.014) and (C = 
0.19 tsf, tan 0 = 0.309), respectively, were relatively low and typical 
of organic soils of this type. 

The residual soil (clay-shale) samples tested from hole U-130 yielded a 
low shear strength value which was not assumed valid due to sample 
disturbance. See Table 7 for the dam and saddle dam foundation test 
resuits. 

After the presentation of the feature design memorandum, additional 
drilling was made of the foundation organic infill area. Drilling 
consisted of drive borings, test pits, and Denison Sampling. Testing 
consisted of Q, R, and S shear testing, consolidations, and Atterberg 
Limits for comparison. Table 9 shows the strength ultimately used in 
the stability analyses. 

(3) Embankment Materials. 


a. Main Dam. The main dam as presented in the DM was an 
earth-fill embankment. After preparation of the DM the spillway site 
was relocated resulting in the availability of a considerable volume of 
rock (Shale and Limestone) that would have to be wasted. It was decided 
to rezone the embankment using the available rock. The cross-section 
was not revised even though it was recognized from previous designs with 
similar materials that the strengths would be considerably higher than 
those used originally to establish the cross-section. During construc¬ 
tion large scale triaxial testing was performed on rock from the spillway 
excavation. Stability analyses were performed using these test results 
for -ecord purposes. The strengths used are listed in Table 8. 

b. Saddle Dam . Borrow Material for the Saddle Dam 
Embankment consisted of impervious fill assumed to come from Borrow 
Areas E and F in Sheet No. 6. The selected design strengths are shown 
in lable 9. Design and record shear strength envelopes for the impervi¬ 
ous materials are shown on Plates 124 through 126. Design and record 
shear strength envelopes for the random rock materials are shown on 
Plates 127 through 133. 
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TABLE 7 

ADOPTED SOU. DESIGN VALUES 
Will,TAM II. HARSIIA RESERVOIR, OHIO 


h ^ M ^S 


Material 

PCF 

PCF 

PCF 

Dam 

Foundation 
( Col 1 iiv j al) 

104.0 

1 77.0 

177.0 

Saddle Dam 
Foundstlon 
(Alluvial) 

103.0 

1 26.0 

128.0 

Foundsflop 
("Till) 

115.0 

134.0 

136.0 

Foundation 
(Organ 1c) 

88.0 

117.0 

117.0 


L 

Shear Values 

' R 

Type 


C 

PCF 

Test 

Tan 0 

TSF 

64.5 

0 

0.000 

0.50 


R 

0.250 

0.40 


S 

0.400 

0.00 


65.5 

0 

0.000 

0.85 


R 

0.374 

0.32 


S 

0.544 

0.00 

73.5 

Q 

0.040 

1 .00 


R 

0.200 

0.80 


s 

0.505 

0.00 

54.5 

O 

0.014 

0.30 


R 

0.309 

0.19 


TABLE 8 

SELECTED STRENCTH VALUES - MAIN DAI* 
WILLIAM II. HARSHA DAM 


(TSF) (Degrees) 

Mat erial Typo Test Cohesion (r) Frirtion (0) 

Compacted 0 0.6 0.0 

Impervious R 0.4 17.2 

S 0.0 26.6 


Random Rook Q .35 31.0 

R .67 70.3 

S 0.0 41.7 
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TABLE 9 



SELECTED 

STRENGTH 

VALUES - SADDLE 

DAM 




WILLIAM 

H. HARSHA 






(TSF) 


(Degrees) 

Material 

Type Test i 

Cohesion fc) 

Friction ($) 


Q 


1. 1 


0.0 

Embankment 

R 


0.4 


17.2 


S 


0.0 


26.6 



Sta 21+70 

Sta 23+60 Sta 

21 + 70 

Sta 23+60 


Q 

0.9 

0.9 

0.0 

0.0 

Alluvium 

R 

0.2 

0.2 

16.8 

16.8 


S 

0.0 


24.0 


A 1luvium 

Q 

0.3 

0.3 

0.0 

0.0 

Organic 

R 

0.2 

0.4 

17.5 

15.8 


S 

0.0 

- 

28.5 

- 


Composite of 
Alluvium & 

R&S 

0.11 

21.8 

A1luvium Organic 





c. Mater ial Usa ge. Plates 39 and 40 show material usage charts. 
The dam design required 3,669,000 cubic yards of random rock and 
955,000 cubic yards of impervious and random earth. The saddle dam 
design required 1,678,000 cubic yards of impervious and random earth. 
The required excavation r rom the spillway provided for these needs. 

(e) Stability Analyses. 

(1) Sadd1e Dam. 

(a.) Stabi1it y of Downs t r eam Slope; Stati o n 21+70 
Perpendicu1 ar Section. At the end of construction conditions (Q test), 
assuming instantaneous loading of the foundation and no drainage, a 
-i00-foot long by 55-foot high berm gave a value of FS = 1.36. Plate 31 
represents this condition and shows the appropriate slopes. 

Steady seepage was then analyzed, using an average of the R&S strength 
data. The results yielded a value of FS = 1.55, with a 60-foot long by 
24-ioot high berm. This analysis is shown on Plate 35 with the 
appropriate slopes. This berm was then applied lo the end of 
(.ons t. ruct i on condition and a value of FS = 0.83 resulted. This 
analysis is shown on Plate 3*.. 
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An analysis was made to determine the gain in strength of the foundation 
as the dam was constructed. The percent consolidation vs. time curve 
showed that if the construction period was kept to a minimum of 2-1/2 
years, the gain in strength of the foundation would be sufficient to 
yield a value of FS = 1.32. This analysis is shown on Plate 36. 

(b.) Stability of Upstream Slope; Station 23+6 0 
Pe rpendicular S ection. To verify the assumption that the downstream 
slope was critical for EOC conditions, a stability analysis was made on 
the upstream slope, using the 400-foot by 55-foot berm. A value of FS 
= 1.74 resulted. It was estimated that a minimum berm, 240 feet by 33 
feet would be needed to obtain a FS = 1.30 (assuming instantaneous 
loading and no drainage). This assumption was based on a 40 percent 
increase in stability from downstream to upstream configuration. 

Sudden drawdown was investigated and results indicated that a 45-foot 
by 15-foot berm gave a value of FS = 1.21. Plate 33 shows the design 
recommendation and stability calculations. 

This berm was applied to the end of construction condition and a value 
of FS = 1.07 resulted. Since this value was greater than the value of 
FS for downstream EOC stability with a larger berm, the construction 
period of 2.5 years would provide sufficient strength gain to insure 
stability of the upstream slope at EOC conditions. Plate 34 shows this 
ana lys is. 

Partial pool was analyzed and the minimum value of FS = 1.38 at pool 
elevation 750.0 was obtained. This value is 0.12 lower than the minimum 
of FS = 1.50, but it was felt that as construction progressed, the 
consolidation process would increase the strength of the foundation 
sufficiently enough to reach the value of FS = 1.5 when partial pool 
conditions exist. 

"'able 10 shows the final design factors of safety. 

TABLE 10 

STABILITY ANALYSES RESULTS 
SADDLE DAM PERPENDICULAR SECTION 

Stage of Saddle Dam Development Factor of Safety 


End of 

Construction - 

Downstream - Sta. 21+70 


400’ 

x 55' Berm 


1.36 

End of 

Construction - 

Downstream - Sta. 21+70 


60’ 

x 24' Berm - 2. 

5 Year Construction Period 

1 . 32 

Steady 

Seepage - Sta. 
x 33' Berm 

21 + 70 


60' 


1 .55 

End of 

Construction - 

Upstream - Sta. 23+60 


240' 

x 33' Berm 


1.30 

End of 

Construction - 

Upstream - Sta. 23+60 


45' 

x 15 Berm - 2. 

5 Year Construction Period 

1 . 30 

Sudden 

Drawdown 45' x 

15' Berm Sta. 23+60 

1 .21 

Part ia 

1 Poo 1 45' x 15 

' Berm Sta. 23+60 


E 1 ev 

. 750.0' 


1 . 38 
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(c.) Stability of Skewed Sections . Stability 
computations were made along the centerline of the alluvium infill aiua 
in order that the failure plane pass through the longest path of the 
weak material. This required a section skewed from the axis and as 
such, the embankment was somewhat flatter than the normal section. 

Downstream Stability; Station 22+50, Skewed Section . 

At the end of construction conditions, the value of the factor of safety 
was found to be 0.68 with a 60-foot long by 24-foot high berm. Plate 37 
shows this analysis. 

Steady seepage conditions will provide a value of FS equal to or greater 
than the value of FS = 1.55 (60 feet long by 24 feet high berm) obtained 
from the analysis assuming a perpendicular section. The average values 
of R6S strengths were used in this analysis, resulting in a single layer 
through which the failure plane was found. The R&S strength parameters 
of the alluvium and the alluvium organic were almost identical (in fact, 
the alluvium organic showed somewhat higher values). Thus, any analysis 
of a skewed section would utilize the same foundation conditions and 
result in a value of the factor of safety equal to or greater than the 
value obtained from the previous analysis. It was felt that this value 
of the safety factor, FS = 1.55, should be used as the controlling value 
for steady seepage conditions. 

An analysis was made to determine the increase in the end of con¬ 
struction FS, to account for the gain in strength as consolidation 
occurs in the foundation when loaded. It was found that a minimum 
construction period for 3 years is needed to insure short-term stability 
(FS = 1.31). The maximum elevation safely obtainable, without assuming 
strength gain during the consolidation process, is 750.0, where FS = 
1.32. This analysis is shown on Plate 36. Various elevations were 
analyzed to determine a safe height based on increased strength due to 
consolidation. The following was recommended: the embankment should be 
built to El 750.0 between Stations 16+20 to 25+20 during the first year. 
Also, during this first year, the embankment from the beginning Station 
4+60 to 12+80 (toeing out on a 5:1 slope to 16+20) and from the end 
Station back to 28+60 (toeing out on a 5:1 slope at 25+20) was built to 
full height, El 819. The second was used as a period of consolidation 
to provide a sufficient gain in strength so that the remainder of the 
Saddle Dam could safely be built to 619.0 (top of dam) during the third 
year . 

Upstream Stability Analysis- Station 23+50, Skewed S ection . 

The end of construction conditions were analyzed and the value of FS 
was 1.03. This analysis is shown on Plate 38. 

Sudden drawdown conditions of the skewed section were compared to the 
conditions used in the analysis of the perpendicular section. It was 
found that the alluvium organic and the alluvium R strength parameters 
were almost identical (c = .37 and .21; f = .283 and .303 for alluvium 
oiganic and alluvium, respectively). The alluvium organic appears to 
have a relatively higher combined strength. Therefore, it was felt 
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that any analysis of the skewed section, assuming organic as a con¬ 
tinuous layer, would result in a safety factor which is equal to, or 
more likely greater than, the value of FS = 1.21 obtained previously. 

To obtain this value, a 45-foot long by 15-foot high berm was required. 
As consolidation occurs, during the 3-year construction period, the 
increase in strength, as shown in the downstream analysis, will also 
occur upstream providing adequate safety. It was recommended that the 
upstream design include a 45-foot long by 15-foot high berm. Upstream 
construction was done in a similar manner as required for downstream 
stability. Table 11 shows the final design factors of safety. 

TABLE 11 

RESULTS OF SLOPE STABILITY ANALYSES 
(SKEWED SECTION) 


Stage o f Sa d dle D am Devel opment 

End of Construction - Downsteam - Sta. 22+50 
60' x 24' Berm Minimum of 3-yr. Construction 

Steady Seepage 60' x 24' Berm 

First Year (Safe El of 750.0') 

End of Construction - Upstream - Sta. 23+50 
45' x 15' Berm Minimum of 3-yr. Construction 

Sudden Drawdown 45' x 15’ Berm 


Factor of Safet\ 


1’artial Pool 45' x 15' Berm 1.38 

(2) Mai_n Dam. Stability analyses were made using the 
circular and wedge type analysis as outlined in EM 1110-2-1902. 
Analyses were made for end of construction, steady seepage, sudden 
drawdown and partial pool using the appropriate values shown in 
Table 8. Critical failure surfaces were checked manually for all 
cases. Table 12 displays the results of stability analyses. Plate 30 
shows the end of construction manual check. 

TABLE 12 

STABILITY ANALYSES RESULTS - MAIN DAM 
WILLIAM H. HARSHA DAM 


Minimum_Fa ctor of Saf ety 


End of Construction 
Steady Seepage 
Sudden Drawdown 
Partial Pool (El 733) 


2.85 Wedge 
3.45 Wedge 
2.26 Circle 
3.24 Circle 
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5. Embankments. 


All embankments (dam, saddle dam and spillway dike) consisting of 
earth or rock fill were obtained from the spillway excavation in the 
left abutment. The average depth of excavation in the spillway was ap¬ 
proximately 50 feet with the earth depth being between 20 to 25 feet 
thick and rock excavation varying between 25 to 30 feet. The saddle 
dam was constructed entirely of earth fill. The uncompacted saddle dam 
waste berms were constructed from dam foundation excavation, channel 
excavation and some spillway excavation. 

The soil in the spillway consisted of 6 to 12 inches of topsoil which 
was stripped and stockpiled for use on the downstream face of the main 
and saddle dam. Below the topsoil was a 2'± (varied) thickness of 
silty lean to fat wet clay. The remainder of the soil consisted of a 
hard dense till. The upper portions were tan to brown caused from 
staining and weathering; the lower portions were colored gray which was 
the unweathered till of Illinoian age. The upper soft wet clay was 
mixed when feasible with the lower drier tills for use in both the dams. 

a. Saddle Dam. 

1 • Impe rvio u s Fil l 


The saddle dam consisted of ± 1,500,000 cubic yards of 
compacted impervious fill with a five foot wide vertical sand drain and 
numerous three foot thick, fifty foot wide horizontal finger sand 
drains. Maximum height of the fill was ± 110 feet at ± Station 22+50. 
All material for the impervious embankment was obtained from the re¬ 
quired spillway excavation. Material was hauled with caterpillar 631, 
637, 641 and 666 scrapers. The material was spread in six-inch lifts, 
disked with a Rome disk and compacted with eight passes of a sheeps-foot 
roller. The roller used was a Hyster C455A self propelled sheeps-foot. 
Moisture limitations on the impervious material was + 1 percent above to 
- 2 percent below optimum. No significant problems were encountered. 

2. Vertica l Sand Drain 

A five foot wide vertical sand drain was constructed from 
Station 6+00 to 28+00, 20 feet downstream of center line extending from 
elevation 795 to the foundation. 

The procedure for placing the vertical drain was to first completely 
cover the existing portion of vertical drain with impervious embankment 
as the fill was brought up. The drain location was then staked and a 
five foot wide trench was dug with a G1000 Gradall or similar equipment 
down to the previous top of sand. The top of existing sand was then 
hand cleaned. The sand was then spot dumped in piles from trucks and 
placed in the trench with a small backhoe loader bucket. The sand was 
then flooded with water from a spray-bar attachment on the back of a 
water truck. It was then rolled with not less than 4 complete passes 
with a RayGo 410A self-propelled vibratory roller. No significant 
problems encountered. The sand was supplied by Dravo Corp. of Newtown, 
Ohio. The drain material was spread with end loaders and dozers. 


35 




3. Horizontal Sand Drain (Finger Drains) 


A three foot thick horizontal blanket of filter sand was 
placed on the downstream foundation In the valley proper and up seven 
drainage draws. The drainage draws were constructed 50 feet wide. The 
blanket extended from a point 20 feet downstream of centerline, where 
it tied to the vertical drain, to the toe of the downstream waste berm 
near the river bank. Two hundred feet of perforated toe drain pipe was 
installed from the river bank back up the valley to relieve the hori¬ 
zontal blanket. Due to the soft material exposed in the valley proper 
and in the drainage draws after stripping operations, it was necessary 
to place the drainage blanket in a single 3 foot lift. Compaction was 
obtained by additional rolling with the RayCo 410-A, self-propelled 
vibratory roller after water was added by hose from a tanker truck and 
verified by field density tests. Horizontal sand drain material was 
supplied by Dravo Sand and Gravel Co., Newton, Ohio. The drain material 
was spread with endloaders and dozers. 

4. Required Waste Berms (upstream and downstream) 

The upstream and downstream waste berms at the saddle dam 
were constructed of dam and saddle dam foundation strippings and some 
spillway excavation. The material was spread in - 1 foot lifts with a 
dozer and traffic compacted by scrapers hauling the material. 

b. Main Dam . 

1. Impervious Core 

The impervious core along the centerline of the main dam 
varied from a width of 36 feet at the top of the dam to ilOO feet at 
the foundation. Upstream and downstream impervious core slopes were 1 
horizontal to 7 vertical. The quantity of material in the impervious 
core was 461,000 CY. 

Nearly all the core material was brown glacial till excavated from the 
required spillway excavation. The material was hauled with Caterpillar 
631, 637, 643 and 666 scrapers. The material was spread in six inch 
lifts, disked with a Rome disk and compacted by eight passes of a Ilyster 
C455A self-propelled sheeps-foot roller. Moisture limitations on the 
impervious material was +1 percent above to -2 percent below optimum. 

The material excavated from the spillway was at or near optimum and very 
little processing was needed. No significant problems were encountered. 

2. Random Earth Zone 


The random earth zone was handled identical to the imper¬ 
vious core discussed in paragraph (b) above. 

The random earth section was changed to rockfill at elevation 675 after 
the overtopping flood of August 30, 1974, in order to facilitate 
finishing of the third stage cofferdam before the winter flood season. 
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3. Random Rock Zones 


The random rock consisted of a hard, crystalline fos¬ 
sil iijious l i...e-. tone „ith shale ana styoiite parcingsar intermittent 
shale layers excavated from the required spillway excavation. The 
shale was a soft clay shale of highly variable thickness. The rock 
from the spillway excavation was blasted using 20'center to center 
spacing on the blast holes and a loading of 3/4 lb/ CY of explosives. 

The material broke up fine enough to be hauled with rubber-tired 
scrapers. The material was hauled with Cat 631, 637, 641 and 666 
scrapers to the embankment. The material was dumped in ±8-inch lifts 
and levelled with a Cat D-8 dozer. The fill was then rolled with four 
passes of a Hyster C455A self-propelled sheeps-foot roller and 2 passes 
with a 50-ton rubber-tired roller pulled by a D-8 dozer. No significant 
problems were encountered. 

4 . Inc lined Sand Drain & Tr a nsi t ion Material 

An eight-foot wide inclined sand drain and five-foot wide 
transition gravel zone were placed immediately downstream of the 
impervious core. The sand drain and transition zone extended the full 
length of the dam from elevation 795 to the foundation. 

The procedure for placing these zones was to first overbuild the 
impervious embankment ±5 feet downstream. The one vertical to seven 
horizontal slope of the downstream edge of the impervious embankment 
was then cut to correct location with a G1000 Gradall. The 8-foot wide 
sand drain and 5-foot wide transition gravel were then placed in one 
foot lifts with a G1000 Gradall or small backhoe and backed up with 
random rock on the downstream side. Water was then added to the sand 
zone by means of an offset bar on a water truck. The zones were then 
rolled with not less than four complete passes with a RayGo 410A 
self-propelled vibratory roller. No significant problems were en¬ 
countered. The sand and transition material were supplied by Dravo 
Carp, of Newtown, Ohio. 

5. Horizontal Sand Drain 

A three-foot thick horizontal blanket of filter sand was 
placed over the entire foundation downstream of the impervious core. 

The. material was end-dumped from trucks and spread in one foot lifts by 
a D-8 dozer. Cat 977 loader or G1000 Gradall. The sand was then flooded 
with water and rolled with not less than four passes with a RayGo 410-A 
self-propelled vibratory roller. The sand was supplied by Dravo Sand 
and Gravel Co., Newtown, Ohio. 

6. S eepage Control . 

a. Main Dam 


(1) Seepage . Since the dam was founded on bedrock in its 
entirety and there was a grout curtain under the dam, no significant 
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foundation seepage was expected. Seepage along the conduit was con¬ 
trolled by backfilling with compacted impervious material. Adequate 
clearances adjacent to the conduit were provided to allow machine 
compaction 01 the backfill. 

(2) Horizontal Sand Blanket . A 3-foot thick blanket of filter 
sand was installed on the downstream side from the core section to the 
toe in the valley and up the abutments to elevation 795. It drains the 
inclined drain and any foundation seepage and is itself relieved by the 
toe drain. 

(3) Toe Drain . An 18-inch perforated pipe runs from dam 
Station 104+25 at 830 feet downstream to Station 107+20 at 870 feet 
downstream and from Station 108+50 at 830 feet downstream to Station 
107+20 at 870 feet downstream. The perforated pipe drains from the 
manhole at Station 107+20 to the retreat channel in a 24-inch pipe with 
a flap gate. The outlet invert elevation is 618.0 which is approxi¬ 
mately 7 feet higher than the lowest point of the horizontal blanket 
which means that there will always be a head in the lower horizontal 
blanket. 

b. Saddle Dam . 

(1) Seepage . Boring DA-115 supports evidence that the pre¬ 
glacial valley was till filled, and would not be susceptible to any 
significant seepage which would affect pool levels, or the integrity of 
the Saddle Dam. In addition, the seepage path would be approximately 
4,000 feet long. 

Potential seepage under the Saddle Dam is controlled by a series of 
blanket drains, finger drains, and a toe drain system. 

(2) Horizontal Blanket . A 3-foot thick Horizontal Blanket of 
Filter Sand was placed on the downstream foundation in the valley proper 
and up seven drainage draws. The blanket extended from a point 20 feet 
downstream of centerline, where it tied into the Embankment's Vertical 
Drain, to the toe of the downstream waste berm near the river's bank. 

(3) Toe Drain . Two hundred feet of perforated toe drain pipe 
was installed from the riverbank back up the valley to relieve the 
horizontal blanket. 

A 5- by 3-foot drain was installed on the upstream side to relieve 
several springs and seepage areas before embankment work began. The 
drain exists upstream of the toe of the waste berm in the lake area. 

No pervious material was placed closer than 125 feet to the centerline. 

7. Instrumentation . 

a. General . Instrumentation at William H. Harsha Lake, Ohio, 
consists of open system piezometers, 5 observation wells, 6 settlement 
plates, and 44 movement markers to monitor the behavior of both the main 
dam and the Saddle Dam. The locations of the instrumentation are shown 
on Plates 47 through 51. 

b. Piezometers . (Plates 72 through 92) 
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(1) Main Dam . A total of 23 operational piezometers aic 
installed in the dam. All are of the open system type. The embankment 
has 18 peizometers, 2 upstream and 16 downstream of the centerline. Of 
the 18 embankment peizometers, 5 are located in the horizontal 
blanket ''’he founder ion h«s 5 downstream piezometers. The o-'ezomete.rs 
indicate seepage from the abutments which is testified to by 0W1 on the 
fight abutment ridge and OW-5 on the left abutment which follows pool 
changes. The abutments consist of shale with limestone beds that 
apparently permit water to seep in a horizontal plane. It appears that 
the downstream section of the dam is affected by this abutment 
seepage. The downstream peizometers react with a decreasing amount 
approximately proportional to the distance from centerline. This is 
probably from saturated condition and nearly direct connection between 
the pool and horizontal blanket through the limestone layers in the 
abutment. See Plate 48 for apparent phreatic water surface elevations 
throughout the embankment. Piezometers have shown significant amounts 
of water present in the downstream shell indicating the ineffectiveness 
of the drains. Remedial measures were taken to reduce entry of water 
into the downstream shell (horizontal abutment drains) and to provide 
controlled drainage out of the downstream shell (trench drains into the 
dam). The water levels in the downstream shell are generally dropping; 
therefore, at or near normal pool levels seepage through and/or around 
the dam, must be less than the total flow out of the horizontal 
blanket. 

The dam was originally designed assuming an effective, inclined and 
horizontal drainage system. Subsequent stability analyses assuming an 
ineffective drainage system also show the dam to be stable. 

(2) Saddle Dam . There are 14 operational piezometers instal¬ 
led in the saddle dam. All are of the open system type. The embankment 
has 3 downstream piezometers. The foundation has 5 upstream piezometers 
and 6 downstream piezometers. The upstream foundation piezometers are 
relatively steady. The downstream piezometers are relatively steady. 

One of these piezometers is dry. The downstream embankment piezometers 
are dry. See Plate 50 for apparent phreatic water surface elevations 
throughout the embankment. 

(3) Observation Wells . The five observation wells located in 
the right abutment were installed to monitor the area between the dam 
and the saddle dam. A single line grout curtain extends from the right 
abutment of the dam 1,000 feet towards the saddle dam. This grout 
curtain extends 60 feet into rock. OW-1 is located on the right abument 
downstream of the grout curtain and follows the pool closely, indicating 
a seepage path exists between the pool and this area. 0W-1 extends well 
below the grout curtain. OW-7 is also located on the right abutment 
downstream of the grout curtain. The readings above pool levels com¬ 
bined with the rise and fall in the general time frame as the pool 
indicates the primary reaction of OW-7 is to surface water. OW-2 is 
maintaining essentially steady readings and does not appear to be 
affected by changes *n pool level. OW-4 follows the pool closely, 
though at a level which indicates a head loss through this area. This 
shows the seepage which is possible through the shale with interbedded 
limestone abutment. OW-3 has had a high water surface elevation even 
before impoundment was begun. It has shown a very slow but steady 
decline in water surface elevation throughout the years and has not 
apparently been affectea by the pool, apparently affected by surface 
ground water. 
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c. Movement Markets . Locations of movement markers are shown on 
Plates 47 and 49, with typical movement plots on Plates 52 through 65. 
The rows at the upstream and downstream berms were installed in November 
1974. The other rows were installed in November 1976. The movement 
monuments were reconditioned in late 1981. Some monuments were reset, 
some were reestablished and reference elevations and offsets were taken. 

(1) tia ln Dam . Row ! on the upstream slope at approximate 
elevation 675 was ■•nundated in March 1978, and no further readings have 
been taken. No significant consistent horizontal movement has been 
measured on the main dam. Vertically, the largest settlements are 
occurring both along the deepest portions of the former valley and in 
proportion to the embankment height. Thus all settlements are fairly 
gradual with no apparent differential settlement. 

(2) Saddle Dam. To date the movement markets on the saddle 
dam have shown nu significant, consistent horizontal movement. The 
amount of vertical movement is not considered significant. 

d. Settlement Plates . Instrumentation plao for the settlement 
plates is shown on Plate 49. The six settlement plates were installed 
on. original ground as embankment work started. Design calculations 
predicted total settlement in excess of thirty inches due to the weak 
foundation material. The maximum settlement to date has been in the 
order of eighteen inches. 

8. Construction Modifications . 

a. Revised Sand Drain Gradation . During the first stages of 
construction, the contractor experienced difficulties meeting the 
No. 100 screen requirements of 0 - 3% by weight passing. Most of the 
production was running 3-5% passing the No. 100 screen. Subsequent 
tests by the Corps determined that a maximum of 5% passing the No. 100 
screen would provide satisfactory drainage. The contract was modified 
to provide for a gradation change of 0 - 5% by weight passing the No. 
100 sieve. No further significant gradation problems with the filter 
drain material was encountered during the remainder of the project. 

b. Delete Upstream Graded Aggregate (Dam) . The dam contract plans 
and specifications called for a 5-foot wide graded aggregate transition 
zone between the impervious core and the upstream random rock zone. 

This transition material was graded from 2 Inches down to the No. 200 
sieve. During blasting and excavation procedures in the spillway, it 
was discovered there was a considerable amount of thinly bedded lime¬ 
stone and finely broken shale. The contractor submitted a Value 
Engineering proposal to use this material in the random rock zone 
adjacent to the Impervious core on a selective basis in lieu of the 
required transition material. Engineering studies determined that this 
was feasible. The contract was changed to allow use of this spillway 
material. No significant problems were encountered and a very fine 
chaley transition zone was maintained during construction between the 
impervious core and upstream random rock zones. 
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c. Stage III Permanent Cofferdam . During construction of the 
third stage permanent cofferdam (random earth fill) in the fall of 
1974, two things became apparent. The first problem was trying to 
reach the required nrotection height late in the construction season 
with an earthfill that had moisture control. Several important days 
were being lost due to light rain. The second problem was a balance of 
materials from the spillway excavation. The farther the project pro¬ 
gressed, the more it became certain that an excess quantity of random 
rockfill material existed and that impervious earth material would run 
close. With these two problems in mind, Engineering and Construction 
Divisions decided to switch to random rock on the 3rd stage cofferdam at 
- elevation 675. This is shown on the dam field control test location 
cross-sections Stations 104+00 through 110+00 and as-built drawings. 

d. Saddle Dam, Downstream, Waste Berm . Construction sequence on 
the saddle dam called for embankment to elevation 750 during 1973 and 
then no additional embankment until 1975 to allow for settlement. 
However, in view of favorable settlement records during 1973 and the 
spring of 1974, and the need for a sequence of spillway excavation 
(needed to uncover more rock in the spillway excavation for dam embank¬ 
ment), the contractor was permitted to continue embankment at a con¬ 
trolled rate on the saddle dam in 1974. As an added safety measure 
and in view of the overall waste material available, it was decided by 
Engineering Division to raise the downstream waste berm on the saddle 
dam from elevation 733 to 745. This is noted on the aa-buill drawings. 

9. Diversion and Closure . 

The inlet channel and the major portion of retreat channel were 
excavated during the 1974 construction season. The stream was diverted 
through the outlet works on 12 August 1974. First stage permanent 
cofferdam work started on 17 August 1974. The first stage permanent 
cofferdam was overtopped by flooding on 30 August 1974 (Cofferdam ±50 
feet high). The river was rediverted and work began again on the first 
stage permanent cofferdam on 6 September 1974. The first stage perma¬ 
nent cofferdam was finished on 20 September 1974. The second stage 
permanent cofferdam was finished to elevation 715 on 22 October 197<+. 

The third stage permanent cofferdam was to the required winter pro¬ 
tection height of elevation 737 on 26 November 1974. The remainder 
of retreat channel work was completed in fall season of 1975. 
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APPENDIX a 

TYPICAL CONSTRUCTION EQUIPMENT LIST 





TYPICAL CONSTRUCTION EQUIPMENT LIST 


9 

4 

6 

3 

o 
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l 
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The equipment listed below was 

Caterpillar 666 Scrapers 

Caterpillar 631 Scrapers 

Caterpillar 641 Scrapers 

Caterpillar 637 Scrapers 

Hystor Self-Propelled Compactors 

Caterpillar 16 Graders 

Bros 50 Ton Rollers 

Manitowoc 2000 Crane 

Grove Hydraulic Crane 

Rome Disks 

Water Trucks 

Caterpillar 631 Water Tanker 
G1000 Gradall 


in use during construction 

5 Caterpillar D-8 Dozers 
7 Caterpillar D-9 Dozers 
1 Caterpillar D-6 Dozer 

1 74 Cougar Tractor 

2 Caterpillar 463E Scrapers 
2 Caterpillar 97? Endloaders 
7 Alamo Light Plants 

2 RayGo Vibratory Rollers 
2 Lube Trucks 
15 Pickup Trucks 
2 Flat Bed Trucks 
4 Lincoln Welders 
2 Davey Drill Rigs 







Saddle Dam, Impervious Fill. Sta 30+00 looking back. Spreading and 
rollin' 1 operations on brown till material (blue and brown till - two 
types used). (Oct 1973) 
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Saddle Dam, V 
plates, stock 
sand at far c 





















Photo 9 



Saddle Dam, Horizontal Drains. Shows excavation for horizontal finger 
drain D/S toe of Saddle Dam between Stations 29 to 26. Looking North. 
(Jul 1973) 


Photo 10 








Photo 11 



Saddle Dam, Horizontal Sand Drains. Shows stockpiling of drain 
material and roller used in horizontal finger drains. (Sep 1973) 


Photo 12 



Saddle Dam, Horizontal Sand Drains. Typical end dumping of material 
into horizontal finger drain D/S of ±Sta 25+00. (Jun 1973) 
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Photo 15 



Saddle Dam, Waste Berm. U/S waste berm. Sta ±20+00 looking 
northeast. (Oct 1973) 


Photo 16 



Main Dam, Impervious Core. Hyster roller on impervious fill near 
conduit seep rings and foundation. (Oct 19 74.) 
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Main Dam, Impervious Core. Work on impervious core first two lifts off 
of foundation in area of conduit. (Oct 1974) 


Photo 18 



Main Dam, Impervious Core. Typical spreading on impervious core 
dam foundation. (Oct 1974) 










Photo 19 



Main Dam, Impervious Core. Trimming and cleaning right abut 
where impervious core tied in. (Nov 1974) 


Photo 20 



Main Dam, Impervious Core. Hand cleaning on right abutment 
impervious core ties in. (May 1975) 






Main Dam, Impervious Core. Hand backfill operations of impervious 
material along conduit. (Nov 1973) 


Photo 22 



Main Dam, Impervious Core. Impervious core material extended along 
conduit U/S to towe r area through rock section. (Nov 1973) 
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Photo 23 







Photo 25 



Main Dam, Random Earth Zone. Typical embankment operation. Looking 
from left abutment to right abutment. 1st and 2nd stage permanent 
rockfill coffers on L'/S (right) side picture. (Oct 1974) 



Main Dam, Random Earth Zone. Typical embankment operations of 
spreading, disking and rolling. Looking from right abutment tj left 
abutment. (Oct 1974) 










Main Dam, Random Rock Zones. Typical random rock zone operations. 
Shows dumping, spreading, 50-ton roller and Hyster roller. (Sep 19741 


Photo 28 



Main Dam, Random Rock Zones. Typical operation depicting magnitude of 
equipment spread. (Sep 1974) 












Photo 31 



Main Dam, Inclined Sand Drain & Transition Material. Photo shows G1000 
Gradall trimming back impervious material placed over previous sand and 
transition material. (Nov 1974} 


Photo 32 



Main Dam, Inclined Sand Drain & Transition Material. Gradall trimming 
impervious edge. Sand dumped in place. Back-up random rock placed. 
(Nov 1974) 





Photo 33 



Main Dam, Inclined Sand Drain & Transition Material. Shows watering, 
rolling, trimming impervious slope and placing material (sand and 
transition material with endloader). (Oct 1975) 

Photo 34 



Main Dam, Inclined Sand Drain & Tiunsition Material. General photo of 
operations close to top of dam. (Nov 1975) 
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Main Dam, Horizontal Sand Drain. Dumping, spreading and rolling 
horizonta 1 drain material in main dam foundation area. (Nov 1974) 







Main Dam, Horizontal Drain. Spreading sand downstream valley 
foundation. (Nov 1974) 


Photo 38 



Main Dam, Horizontal Drain. Rolling horizontal drain material that 
covered abutments. Looking at right abutment. (Apr 1975) 






Photo 39 



Main Dam, Diversion and Closure, 
stream in foreground of picture. 


Building temporary dike across main 
(Aug 1974) 


Photo 40 



Main Dam, Diversion and Closure. Finishing temporary dike across main 
stream at top of photo. River starting to flow through outlet 
structure at bottom of photo. (Aug 1974) 













WILLIAM I!. HARSHA DAM (9 .TUN 76) 












. I AM H. HARSH A DAM (14 JAN’ 76) 
























WILLIAM H. HARSHA DAM 








WILLIAM H. HARSHA DAM (1 OCT 







WILLIAM H. HARSHA DAM - LOOKING TOWARD 
THE TOWER AND LEFT ABUTMENT (29 AUG 74) 





WILLIAM H. HARSHA DAM - PLACING MATERIAL 
ON THE PERMANENT COFFERDAM (9 AUG 74) 
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WILLIAM H. HARSHA DAM - PRIOR TO 
DIVERSION THROUGH THE CONDUIT (5 MAR 73) 




